We analyze the present bounds of a scotogenic model, the Radiative Type III Seesaw (RSIII), in which an additional scalar doublet and at least two fermion triplets of SU (2) L are added to the Standard Model (SM). In the RSIII the new physics (NP) sector is odd under an exact global Z 2 symmetry. This symmetry guaranties that the lightest NP neutral particle is stable, providing a natural dark matter (DM) candidate, and leads to naturally suppressed neutrino masses generated by a one-loop realization of an effective Weinberg operator. We focus on the region with the highest sensitivity in present and future LHC searches, with light scalar DM and at least one NP fermion triplet at the sub-TeV scale. This region allows for significant production cross-sections of NP fermion pairs at the LHC. We reinterpret a set of searches for supersymmetric particles at the LHC obtained using the package CheckMATE, to set limits on our model as a function of the masses of the NP particles and their Yukawa interactions. The most sensitive search channel is found to be dileptons plus missing transverse energy. In order to target the case of tau enhanced decays and the case of compressed spectra we reinterpret the recent slepton and chargino search bounds by ATLAS. For a lightest NP fermion triplet with a maximal branching ratio to either electrons or muons we exclude NP fermion masses of up to 650 GeV, while this bound is reduced to approximately 400 GeV in the tau-philic case. Allowing for a general flavor structure we set limits on the Yukawa couplings, which are directly related to the neutrino flavor structure. 
Introduction
One of the simplest models which explains the dark matter (DM) content of the Universe is the Inert Doublet Model (IDM) [1, 2] , where an additional scalar doublet of SU (2) L odd under a global Z 2 is added to the Standard Model (SM). The observed relic density of DM [3] can be obtained in two regions of parameter space [4] [5] [6] [7] [8] [9] [10] , the low mass region, for DM masses around the Higgs resonance, and the high mass region, for DM masses above 500 GeV. In the former, the reach at the LHC is quite restricted by the large backgrounds coming from gauge final states [11, 12] , while in the latter, the reach is limited by the small cross sections and small mass splittings required to explain the observed DM relic density [13] . The IDM is also in agreement with direct detection limits [14] [15] [16] [17] [18] [19] , limits on indirect detection in gamma rays [19, 20] , limits on indirect detection in neutrino telescopes [21] , LEP searches [22] , and dilepton searches at the LHC [11, 23] . The introduction of at least two additional Z 2 -odd fermion singlets opens the possibility to explain the smallness of neutrino masses through radiative corrections at one-loop in the IDM [24] . The same symmetry which guarantees DM stability also forbids the tree level contribution to neutrino masses. In this way, the so-called scotogenic model constitutes a solid framework to explain simultaneously DM and radiative neutrino masses. The minimal scotogenic model with singlet fermions is not the only possibility to explain both radiative neutrino masses and the correct DM relic density [25] [26] [27] [28] [29] [30] [31] [32] [33] . The realization of the Weinberg operator at one-loop involves the generic coupling of the lepton doublets with both Z 2 -odd scalar and fermion multiplets [34] . Including larger fermion representations also implies that these fermions interact with the electroweak gauge bosons, leading to significantly large production cross-sections at the LHC. This is in stark contrast with the minimal scotogenic model, where the singlet fermions cannot be directly produced, resulting in a very limited collider phenomenology 1 . For suitable choices of the spectrum and sufficiently high SU (2) L representations these new Yukawa interactions lead to the decay of the Z 2 -odd fermions, opening the possibility to generate collider signals of dileptons plus missing transverse energy (MET).
Along this idea, the simplest extension of the minimal scotogenic model consists in replacing at least one of the fermion singlets by a fermion triplet [25, 36, 37] . This model leads to the same neutrino masses and DM relic density but has a richer collider phenomenology with strong similarities with the minimal supersymmetric standard model (MSSM) [38] [39] [40] . Both in the extended scotogenic model as in the MSSM the fermion triplets may be produced in pairs in Drell-Yan processes, resulting in production cross-sections of the same order. At the LHC the two cross-sections are equal in the well-studied wino limit with decoupled Higgsinos and squarks, where the lightest chargino and the second lightest neutralino are wino-like. In this limit the t and u-channel amplitudes in the MSSM processes can be neglected and the production of the Z 2 -odd fermions proceeds via gauge boson exchange in s-channel. The leading one-loop QCD corrections for final fermion states with the same SU (2) L quantum numbers are also the same since only the initial quarks are involved. The analogy with the MSSM also implies that, in the case that the fermion triplet is the lightest Z 2 -odd state, requiring sufficiently high relic density abundance forces these fermions to be heavy [28] , above the mass reach of the LHC. We focus instead on a simplified model scenario with scalar DM in which the neutral component of the fermion triplet is the next to lightest Z 2 -odd particle (NLOP). The charged triplet components are slightly heavier since the degeneracy is broken at one-loop level. In this simplified model scenario DM limits only constrain the scalar sector of the model, allowing for scenarios where the Z 2 -odd fermions may be light enough to be copiously produced at the LHC. This motivates analyses designed to constrain these models in present LHC searches and to potentially determine their existence in the future.
The decays of both scotogenic and supersymmetric particles are constrained by the Z 2 symmetry, which leads to cascades to the lightest odd particle (LOP), with the resulting MET signature. In the framework of simplified model searches at the LHC limits for sleptons and electroweakinos in the MSSM have been given for different spectra, characterized by sleptons being either lighter or heavier than the wino-like charginos and neutralinos [41] [42] [43] [44] [45] . The strong similarity with our simplified model allows to reinterpret those limits for processes with the same decay topologies. In the scotogenic simplified model defined by NLOP Z 2 -odd fermions triplets, the latter decay to the DM candidate and a lepton. The collider signature at the LHC from charged Z 2 -odd fermion pair-production is opposite sign dileptons plus MET. The flavor of the decay leptons is determined by the NP Yukawa couplings, which are in turn related to the neutrino mass generating operators constrained by neutrino experiments [46] . A determination of the flavor structure of the final state is therefore highly relevant, and may additionally allow to distinguish between different models.
Several supersymmetric processes lead to similar collider signatures at the LHC as the simplified scotogenic model, albeit with a different flavor structure. Production of a charginoneutralino pair decaying to intermediate sleptons leads to the so-called trilepton "golden channel", with the highest exclusion sensitivity in electroweakino searches. If one of the final leptons is lost this process may lead to opposite sign different flavor (OSDF) or opposite sign same flavor (OSSF) leptons plus MET. Chargino pairs decaying to a lepton and a slepton, or sleptons pairs decaying to the neutralino and a lepton are optimized in LHC searches for signal regions (SRs) with opposite sign same flavor (OSSF) leptons plus MET 2 . The decay topology of the sleptons is the same as that of the fermions of the scotogenic model. The former have smaller production cross-sections, mainly due to the smaller number of spin degrees of freedom of the scalars. ATLAS [41, 43] and CMS [44] analyses searching for left-handed sleptons of the first two families with light neutralinos constrain masses below roughly 300 GeV. Assuming that the detection efficiency of the most sensitive signal region (SR) in these analyses remains constant up to higher mass scales one can estimate a lower mass exclusion limit of around 630 GeV for the Z 2 -odd triplet fermions decaying to only one lepton flavor. A more precise limit can be obtained reinterpreting the recent SUSY searches in the framework of simplified models with help of some of the recent high energy physics tools. The package CheckMATE [47] [48] [49] allows to obtain exclusion limits on supersymmetric simplified models based on an increasing number of ATLAS and CMS analyses. It also allows to implement new physics models, resulting in exclusion limits based on the collider signatures of the experimental analyses. It is therefore a useful approach in scotogenic models since similar production and decay topologies as in the MSSM lead to similar collider signatures. In particular, one may analyze the exclusion sensitivity as a function of the flavor space, which is determined by new Yukawa couplings between the Z 2 -odd fields and the leptons. Decays with taus in the final state have a much lower exclusion sensitivity. Presently only upper limits on stau production cross-sections have been reported by dedicated analyses for stau production by ATLAS [45] and CMS [50] . However, taking into account the larger cross-section for fermion pairs and recasting those results accordingly may allow to exclude light fermions decaying exclusively into taus and MET above the LEP exclusion limit [51] up to a lower mass limit of roughly 400 GeV. One can thus set solid exclusion bounds within the simplified scotogenic model and full flavor space allowed by neutrino physics since final states with taus have the lowest exclusion sensitivity.
More complex decay chains open up when several scalars are lighter than the decaying Z 2 -odd fermions. In this case, the simplest exclusion limits can be obtained considering only those fermion decays to the DM candidate and a lepton. This is equivalent to rescaling the production cross-section with the decay branching ratio [52] , with the resulting loss in exclusion sensitivity. The least convenient scenario in this respect corresponds to nearly degenerate scalars, with the neutral scalar mass splitting large enough to generate additional hadronic activity. In this case the useful fermion branching ratio is reduced by a factor of almost four. It may therefore be possible to set limits on this last scenario, and thus to all intermediate cases. Another possible scenario is that when more than one fermion triplet is produced, analogous to the supersymmetric case when more than one slepton pair is kinematically available, where more stringent limits may be possible than with only one family.
This work is organized as follows. In Sec. 2 we introduce our model. In Sec. 3 we analyze the constraints on the model and their implications for the low DM mass region. In Sec. 4 we discuss its collider phenomenology and our strategy to set limits on the model. In Sect. 5 we discuss our numerical results and finally we summarize in Sect. 6.
The Model
In this section we introduce the model RSIII [25, 28, 34] , an extension of the SM with an additional complex scalar doublet of SU (2), Φ, and n Σ ≥ 2 generations of vector fermion triplets of SU (2), Σ k , k = 1, . . . , n Σ . The quantum numbers of the scalar and leptonic sector of the model are given in Table 1 . The new particles are odd under an exact Z 2 symmetry, forcing the lightest Z 2 -odd particle to be stable, and thus a natural DM candidate. This symmetry also prevents neutrino masses from being generated by the tree-level Type III seesaw mechanism [53] , only allowing for the one-loop realization of the Weinberg operator. Neutrino masses are generated at the one-loop level [24] via their interactions with the neutral components of Σ k , the Majorana fermions Σ 0 k , and the neutral components of Φ, φ 0 . Therefore, the Z 2 symmetry plays a crucial role linking DM to the neutrino mass generation 3 .
Lagrangian
The most general renormalizable Lagrangian of the RSIII reads
with [28] 
with α = e, µ, τ . Here the trace runs over the SU (2) indices, the mass matrix M Σ (but not the NP Yukawa couplings Y ) is assumed to be flavor diagonal, D denotes the covariant derivative, 3 It is worth mentioning that the evolution of the model parameters via the renormalization group equations may induce a non-zero vacuum expectation value for φ 0 at high scales, leading to the spontaneous breaking of the Z2 symmetry. This situation, that indeed occurs in the minimal scotogenic model [30] , may be naturally avoided extending the model with a Z2-even real scalar-triplet, as shown in [54] in the context of the scotogenic model where a fermion singlet is replaced by a fermion triplet [37] . This solution, where the evolution of the couplings of the scalar sector is modified by the extention of the scalar sector, is fully applicable to our case. Table 1 : Gauge, Z 2 and spin quantum numbers of the particle content of the RSIII entering L NP , Eq. (2). Here α and k denote, respectively, the lepton flavor and NP fermion index.
L are the left-handed lepton doublets, and Φ SM is the SM scalar doublet. Whenever possible the flavor indices have been suppressed. The NP scalar potential is given by
where H 0 and A 0 denote the neutral scalar and pseudoscalar components of the Z 2 -odd scalar, and H ± its charged components. The Higgs mass is fixed to its current experimental value measured by ATLAS and CMS, m h = 125.09 ± 0.24 GeV [55] . The mass ordered Z 2 -odd fermion fields, triplets of SU (2) L , can be written as [28] 
At tree level the masses for the neutral and charged Z 2 -odd fermion triplets Σ k are degenerated within each generation. At one loop the mass splitting between the charged and neutral components of Σ k can be computed with the general formulae given in Ref. [56] , resulting in a mass splitting of between ∆m loop ≈ 152 MeV for small m Σ 0 k , and ∆m max loop = α 2 M W sin 2 (θ W /2) = 166 ± 1 MeV, its asymptotic value for large m Σ 0 k . This mass difference is small enough to neglect decays of the charged fermion to the neutral one and a virtual W boson.
Since our analysis is not sensitive to the CP properties of the model we assume, without loss of generality, that the CP -even scalar H 0 is lighter than the CP -odd A 0 . Therefore Figure 1 : One-loop neutrino mass generation in the RSIII via the exchange of a Z 2 -odd neutral scalar φ 0 = H 0 , A 0 and a Z 2 -odd fermion Σ 0 k .ν α ,ν β denote neutrino interaction eigenstates.
is stable and the natural DM candidate. A convenient set of parameters to describe the full model are the masses of the unknown scalar spectrum 
Neutrino Mass Generation
In this model the neutrino masses arise at one-loop via their interaction with the Z 2 -odd fermions and scalars [25] . The corresponding Feynman diagram is displayed in Fig. 1 . The neutrino mass matrix reads
where Λ k are the entries of the diagonal matrix Λ. The special case n Σ = 2 leads to a singular neutrino mass matrix with one vanishing eigenvalue. The physical neutrino masses are obtained diagonalising Eq. (7) with the Pontecorvo-Maki-Nakagawa-Sakata neutrino mixing matrix U PMNS [57] (see Ref. [58] for its standard parametrization):
Using the Casas-Ibarra parametrization procedure [59] we express the Yukawa coupling matrix in terms of the new physics mass parameters included in Λ k (7) , and the experimental neutrino data:
where R is an arbitrary n Σ × 3 orthogonal matrix connecting Z 2 -odd fermion and lepton flavor space and
If n Σ > 2 and the lightest neutrino is allowed to vary in its full experimentally allowed range both hierarchies cover almost the whole range of normalized Yukawa couplings, as can be observed in Fig. 2 , where solutions of Eq. (9) with real R are shown in flavor space for the normal (NH) and inverse (IH) hierarchies. HereŶ α ≡ Y 1α = Y 1α / α=e,µ,τ |Y 1α | 2 denote the normalized Yukawa couplings and the color shows the logarithmically averaged mass of lightest neutrino mass in each hierarchy. These solutions have been obtained for Σ ± k masses of 500, 1500, and 2500 GeV. However, qualitatively similar solutions are obtained for different fermion masses. For our numerical analysis we will assume n Σ = 3 and a normal hierarchy for the neutrino masses. (NH) (IH) Figure 2 : Normal (NH) and inverse (IH) hierarchy solutions in flavor space (visualized as described in [60] ). For every set of normalized Yukawa couplings squared |Ŷ α | 2 , α = e, µ, τ , the lightest neutrino mass m ν k of the obtained solutions is averaged logarithmically.
Lepton Flavor Violation (LFV)
The LFV processes such as µ − → e − γ vanish in the SM but arise in the RSIII at the one-loop via the LFV Yukawa interactions with the Z 2 -odd scalars (2) shown in Fig. 3 . The analytic expression for Br(µ − → e − γ) is given by
with G F the Fermi constant and
This expression can be trivially generalized to τ − → µ − γ and τ − → e − γ. 
Dark matter
The case of fermionic DM has been studied in [25, 28] . The DM candidate is the neutral component of the lightest NP fermion triplet. Since its electroweak couplings to gauge bosons are unsuppressed the Z 2 -odd fermions need to be heavier than around 2.6 TeV [28] in order to suppress the DM annihilation cross-section before freeze-out and thus allow for the correct relic density. Therefore one does not expect significant phenomenological signatures at the LHC. The scalar sector, on the other hand, allows for lighter DM. Since it has the same field content and couplings to the SM as the Inert Higgs Doublet Model [1] , its phenomenology is also very similar. Scalar DM is viable both at around the electroweak scale, the "low mass region", as well as above 500 GeV [14] . We focus our analysis in the phenomenologically more interesting low mass region for DM. In this region the dominant annihilation channels are bb, mainly via the exchange of a Higgs boson in s-channel, and annihilation to gauge boson pairs for very small λ L , or above the W + W − threshold.
Model Constraints
The RSIII model is constrained by direct and indirect searches for DM, colliders and electroweak precision observables. In this section we review the implication of these constraints on the parameter space of the model.
Theory constraints
The following conditions are obtained requiring that the scalar potential is bounded from below [61] :
Requiring perturbativity sets bounds on the scalar couplings, |λ i | < 8π, for i = 1, . . . , 5. However, tree-level unitarity constraints [62, 63] set stronger bounds on these couplings (see Ref. [63] ).
Electroweak precision observables
The contribution to the oblique parameters S, T , U from the Z 2 -odd scalar sector have been computed for the IDM in Refs. [2, 31, 64] . The contribution to S, T and U from the Z 2 -odd fermions, a triplet of SU (2) L , vanish. As in the case of pure gauginos in the MSSM, they cannot contribute to operators with SU (2) L -breaking quantum numbers, see e.g., [65] [66] [67] . The SM best fit obtained in [68] 
from which the correlation matrix is computed.
Collider constraints
LEP sets limits on the masses of all charged particles which can be directly produced, as well as on particles produced as their decay products. These limits can be easily reinterpreted for the new scalars and fermions of the RSIII. The decays of gauge bosons into Z 2 -odd pairs are excluded by their invisible width measurements [58] , leading to the constraints
fermions couple to gauge bosons with the same couplings as the gauginos we can apply the bounds on direct chargino searches at LEP II m Σ ± 1 > 103.5 GeV [51, [69] [70] [71] [72] . Direct chargino searches at LEP II can also be reinterpreted for the search of charged scalars [73] , leading to m H ± > 70 GeV. The direct LEP search limits for associated scalar and gauge boson do not apply here due to the existence of the Z 2 symmetry. We use the bounds obtained in [22] 
Since the bound on the heavier neutral scalar varies between 100 GeV and 110 GeV as a function of the lightest scalar mass (see Fig. 7 of Ref. [22] ). We require max(m 
This upper limit is expected to be reduced by half at the future Run-II of the LHC [17] . For the diphoton channel, the signal strength R γγ measures the ratio of the observed diphoton production cross section relative to the SM expectation [75] :
This relation holds since the Z 2 -odd fermions do not interact with the SM Higgs boson. The signal strength relative to the Standard Model expectation is measured by ATLAS [76] and CMS [77] ,
Flavor constraints
An analysis of LFV in the RSIII has been carried out in Ref. [28] for the case of fermionic DM, where bounds on the Yukawa couplings have been derived. The results from a recent analysis of LFV processes in the minimal scotogenic model for fermion DM masses of up to 3 TeV [29] can be extended to the RSIII. These bounds, however, do not directly apply for our case, with significantly lighter NP fermions. In our model the Yukawa couplings, which are obtained from the neutrino masses, turn out to be at most of order O(10 −4 ) if we choose the orthogonal matrix R of Eq. (9) real. In this case the LFV bounds do not further constrain the available parameter space. On the other hand, if R is allowed to be complex, much larger values of the Yukawa couplings can be obtained and the µ + → e + γ and τ → µγ bounds [78, 79] restrict their largest values, of approximately 1 (0.5) for the electron Yukawa in the normal (inverted) hierarchy, and of order of a few for the muon and tau Yukawa couplings.
Dark Matter constraints
The DM relic density measured by Planck [3] 4 in units of the critical density and the normalized Hubble constant h is Ω exp.
DM h 2 = 0.1197 ± 0.0022 at 68% confidence level (CL). Allowing for other unknown sources for DM this measurement only imposes a upper bound on the NP contribution to Ω DM h 2 . In the numerical analysis we require that the relic density lies within a 2σ uncertainty of the measured central value, Ω DM h 2 = 0.1197 ± 0.0044. Whenever we relax this constraint to allow for additional DM sources we only require that Ω DM h 2 < 0.1241. With respect to direct DM searches, we use the 90% CL upper bound of the spin-independent DM-nucleon cross section σ max SI given by LUX [80] . Allowing for an underabundance of DM this bound is rescaled as
with
DM < 1 the ratio of the DM relic density of our model and the experimental central value obtained by Planck [3] . The lower DM density leads to a smaller sensitivity for direct detection and consequently to a larger upper limit on the spin-independent DM-nucleon cross section. Here one assumes that all remaining unknown sources of DM do not contribute to the direct detection signal.
For indirect DM searches, we use the 95% CL upper bound of the thermally averaged crosssection obtained by Fermi-LAT [81] for dwarf spheroidal galaxies with the 6-year Pass-8 Limit. In order to account for the different annihilation channels of our DM candidate we normalize the corresponding bounds for σv X , with X = bb, W W, ZZ, hh, and select the strongest one. Allowing for an underabundance of DM this bound is rescaled as
Scalar sector
As already discussed in the introduction, the scalar sectors of the RSIII and the IDM [1, 2, [4] [5] [6] [7] [8] [9] are the same, with the addition of Yukawa couplings to the Z 2 -odd fermions and leptons. Therefore the RSIII allows for a suitable scalar DM candidate satisfying all model constraints in two regions: the low energy region, with a DM mass below the W gauge boson mass, and the high energy region, with scalar masses above 500 GeV. We focus on the first region, where direct production of the Z 2 -odd fermions with large cross-sections is possible. We consider DM masses up to 120 GeV for the low mass region in order to assess the LHC expectations in the region where the DM relic density is less than the one measured by Planck. It should be noted, however, that in our numerical analysis of Sec. 5 we only consider scenarios where the DM relic density corresponds to the observed value measured by the Planck collaboration [3] . The constraints from electroweak precision observables (EWPO) strongly restrict the masses of the heavier scalars. The χ-square for three degrees of freedom, χ 2 3 , is obtained from the difference between the oblique parameters S, T and U , computed following Refs. [2, 31, 64, 68] , and their best fit point from EWPO for the SM, Eq. (12). In Fig. 4 we show, for m H 0 between 45 GeV and 80 GeV, the allowed regions at 68% (green), 95% (yellow) and 99% (red) CL in the (m A 0 − m H ± ), (m H ± − m H 0 ) plane, corresponding, respectively, to χ 2 3 ≤ 3.506, χ 2 3 ≤ 7.815, and χ 2 3 ≤ 11.345. The two remaining free parameters of the scalar sector, λ 2 and λ L , have no effect on the oblique parameters. Contours of constant m A 0 − m H 0 are shown as dotted lines. The gray area in Fig. 4 corresponds to m H 0 > m A 0 , for which H 0 is not the DM candidate. The stronger constraints come from T , which depends on the differences of masses between charged and neutral scalars, and S, which is sensitive to the difference of the neutral scalar masses. The dependence on m H 0 is weak but can be observed as a small overlap between the different CL regions in the low mass region. It should be noted that the contribution from the parameter U is often neglected, fixing U = 0 and evaluating the EWPO constraints with two degrees of freedom. In our case setting U = 0 leads to slightly narrower 68%, 95%, 99% CL allowed regions. The difference of the two choices is due to the fact that, while the central value of U and the contribution from the IDM to U are small, the correlation between the oblique parameters S, T and U is large (12) .
In the allowed region where A 0 and H ± decouple, with m A 0 , m H ± m H 0 , the heavy scalars are nearly degenerate. The upper bound on m A 0 − m H 0 and m H ± − m H 0 , of roughly 650 GeV, follows from the perturbativity constraints given in Sec. 3.1. Also shown is the region for which the correct relic density can be obtained in the low mass DM case analyzed here, delimited to the left by a dashed line, excluding small mass splittings between the DM candidate and the heavier scalars (see also the discussion on 
The constraints on the scalar sector from the thermal relic density measurements, direct and indirect detection, as well as the LHC, are analyzed performing a scan of the following parameters in the range 45 GeV < m H 0 < 120 GeV , 110 GeV < m A 0 < 700 GeV, or 0 < m A 0 − m H 0 < 8 GeV ,
and fixed λ 2 = 0.1. The value of λ 2 is irrelevant for our study, as long as it fulfills the theory constraints. We have computed the spin-independent DM-nucleon cross section σ SI , the thermal averaged annihilation cross-section σv (18), and R γγ (15) with the IDM model of micrOMEGAs (v4.1.8) [82] . We have confirmed these results comparing σ SI and σv with Ref. [14] , and R γγ following the treatment carried out in Ref. [83] . We also impose the EWPO, perturbativity of Sec. 3. The choice of parameters also satisfies the LEP collider constraints [22] . The value of |λ L | max depends on the specific parameter point and is obtained from the perturbative unitarity constraint. All values of m A 0 and m H ± are below their perturbativity limit. The fermion sector has no effect on the DM observables due to the smallness of the Yukawa couplings 5 , not larger than O(10 −4 ). The result of the scan of parameters is shown in Fig. 5 in the relic density versus DM mass plane. Scenarios which fulfill all constraints are shown as green, dark green and light green dots. Dark green (light green) dots represent scenarios in which the main annihilation channel before freeze-out is the co-annihilation between A 0 and H 0 (H ± and H 0 ), defined here by
The mass difference between the coannihilating scalars is small enough to avoid the Boltzmann suppression before freeze-out. As this mass splitting increases, the annihilation cross-section decreases, leading to a larger relic density. For instance, at low m H 0 the A 0 -H 0 co-annihilation scenarios have a lower limit in Ω DM h 2 when the splitting vanishes, and an upper limit when it reaches its maximum value of 8 GeV, implying that for low DM masses the coannihilation mechanism is too efficient to allow for the observed relic density. The dark green dots in the light green region for m H 0 ≈ 70 GeV correspond to scenarios where both heavier scalars coannihilate with H 0 . For larger values of Ω DM h 2 both co-annihilation regions overlap but the dark dots cover the light ones. Similarly, the green dots cover the light and dark ones where those regions overlap.
Scenarios excluded by the upper bound on the relic density measurement by Planck [3] , Sec. 3.5, are shown in light blue. Scenarios with a smaller value of Ω DM h 2 are not excluded but lead to an underabundance of DM which cannot fully account for the DM content of the Universe. In that case the direct detection upper bound on the spin independent cross-section σ max SI is rescaled with ξ The strongest constraint from the LHC comes from the present bound on the invisible branching ratio of the Higgs boson, shown as a black solid line, which sets a lower mass limit for H 0 whenever the Higgs-portal is the main DM annihilation channel. For ξ DM = 1 this bound excludes m H 0 < 53 GeV. For ξ DM < 1 it excludes scenarios with masses of up to m h /2, unless the H 0 -A 0 co-annihilation channel contributes significantly to the total annihilation before freeze- out. In the later case, corresponding to the band of dark green points in the light DM mass region, the DM-Higgs boson coupling λ L is small enough to restrict the invisible Higgs decay, while the co-annihilation channel ensures that the Planck upper limit on the relic density is fulfilled. Also shown as a black dashed line is the future projection of the upper limit on the invisible decay of the Higgs boson at Run-II of the LHC assuming a future limit for the invisible Higgs decays Br LHC13 (h → inv.) < 0.065 [17] , and as a black dot-dashed line the corresponding prospect for the ILC with √ s = 1 TeV and 1 ab −1 [86] , Br ILC (h → inv.) < 0.0026. Scenarios allowed by Planck upper limit but excluded by the direct detection constraints from LUX [80] are shown in yellow. The lower sensitivity to the spin independent cross-section resulting when the relic density is smaller than the experimental measured value, obtained rescaling the upper limit with the factor the ξ −1 DM , reduces the excluded region significantly. The direct detection limit also depends on variations on the local DM density, which would have to be included in the factor ξ DM . It is interesting that, for Ω DM = Ω DM LUX also sets the upper limit m H 0 < 74 GeV, corresponding to scenarios with λ L ≈ −0.012. Larger values of m H 0 require larger values of |λ L | in order to obtain the correct relic density, increasing the spin independent cross-section above the LUX bound. Allowing for DM underabundance LUX constrains regions of parameter space up to m H 0 = 120 GeV. For m H 0 > 110 GeV and λ L = 0 the Higgs pair-production channel becomes a relevant annihilation channel, further reducing the relic density and relaxing the constraints due to the rescaling of the bounds.
The indirect detection constraint from Fermi-LAT [81] , shown in red, does not exclude any region of parameter space allowed by the relic density upper limit [3] after we rescale the thermally averaged cross-section by ξ Once all DM constraints are imposed the LHC measurement of the ratio of the observed diphoton production cross section relative to the SM expectation [75] constrains a small region of the parameters with m H 0 > ∼ 114 GeV and a very small value of relic density. For 120 GeV < m H 0 < 500 GeV, where the model leads to an underabundance of DM, the Higgs diphoton decay restricts a small region in relic density versus DM mass plane with very small relic density, corresponding to large λ L and light H ± .
Phenomenology
In this section we analyze the phenomenological implications of the constraints on our model given in Sec. 2 in order to select representative benchmark scenarios for LHC searches.
Although the Z 2 -odd fermion sector of the RSIII has the same gauge quantum numbers as the Type III Seesaw model [53] , the limits obtained for the latter by ATLAS [87] and CMS [88,89] cannot be interpreted as limits in our model due to its Z 2 symmetry, which forbids the decay of the Z 2 -odd fermions to SM particles.
The main production channel of lighter Z 2 -odd fermions at the LHC is shown in Fig. 6a . At the LHC gauginos are produced via the s-channel exchange of a gauge boson and via t-channel exchange of a left-handed squark. Since the gauge structure of the Z 2 -odd fermions and that of charginos and neutralinos in the pure gaugino limit is the same, their gauge couplings are also equal. Therefore, the production cross-section of Z 2 -odd fermions at the LHC can be obtained from that of charginos and neutralinos in the pure gaugino limit with decoupled sfermions, where the t-channel can be neglected. For large values of the supersymmetric Higgsino parameter µ we have checked that the Higgsino component of the chargino is negligible and that the results are independent of its value. We restrict our analysis to the lightest family, Σ 1 , for which one obtains the largest production cross-section of Z 2 -odd fermion pairs, pp → Σ
Our conclusions should be easily extended to the heavier Z 2 -odd fermions. Notice that two-body decays from the heavier Z 2 -odd fermions to the lighter ones are forbidden because the mixing mass matrix M Σ is diagonal.
At tree level the Z 2 -odd fermions decay via Yukawa interactions to a Z 2 -odd scalar and lepton. The Yukawa couplings are obtained varying the free neutrino parameters and applying the Casas-Ibarra prescription, Eq. (9). In the simplest scenario only H 0 is lighter than the fermion, with the heavier scalars A 0 and H ± decoupled and nearly degenerate. In this case, shown in Fig. 6b , both fermions decay exclusively to a lepton and the DM candidate,
resulting in final state dileptons plus MET. This channel is expected to be the "best case scenario" for Z 2 -odd fermion searches at the LHC. Neglecting the lepton masses the branching ratios for the decay of the Z 2 -odd lepton are proportional to the absolute square of the normalized Yukawa couplings,
The Z 2 -odd fermion pair-production channel with the largest production cross-section is Σ 0 1 Σ ± 1 . However, Σ 0 1 decays exclusively to the invisible final state ν α H 0 , leading to a final state with only one charged lepton and will not be considered here. Notice that in the Type III Seesaw model, which has the same fermionic content, the decay chains are different due to the absence of a discrete symmetry, leading to different collider signatures [90] .
If more than one scalar is lighter than the Z 2 -odd fermion, new decay channels to unstable particles open up,
followed by the secondary decays
as well as the subleading decays A 0 → H ± W ∓ or H ± → A 0 W ± . The gauge boson of the secondary decays may be on-shell or virtual, depending on the mass spectrum. In addition, the Σ ± 1 Σ 0 1 production channel may lead to final states with at least two leptons, of either opposite sign or same sign,
followed by the secondary decays of Eq. (23) . Not shown in (24) are the decays to a neutrino and a scalar. The partial decay width of the decays of Eq. (24) is given by
If all scalars are lighter than Σ 
Collider limits
Processes with electroweak pair-production and decay of Z 2 -odd particles at colliders, and in particular at the LHC, have been extensively studied in the framework of supersymmetry. Those searches can be interpreted in the framework of the RSIII to constrain this model. The pairproduced Z 2 -odd particles cascade further to the LOP, leaving similar collider signatures as those searched for. The most convenient way to analyze those results are simplified model spectra analyses, where limits on the production cross-sections for NP searches are given as a function of the spectrum.
We focus on a set of benchmark scenarios with well defined decay topologies and compare these results to LHC searches for supersymmetric processes. The simplest decay topology is that in which both Z 2 -odd fermions decay to the DM candidate, Eq. (20), leading to a collider signature of hard opposite sign leptons plus MET. Both slepton and chargino pair-production and decay can lead to similar final state topologies. Pair-production of left-handed sleptons, where each slepton decays further to the lightest neutralino and a lepton of the first two families, pp →˜ L˜ L → ± ∓χ0 1χ 0 1 , with = e, µ and χ 0 1 the lightest neutralino, leads to a collider signature of OSSF leptons plus MET. The case of stau production will be considered separately. In the RSIII the flavor structure for the final leptons is in general different. In the special e-philic or mu-philic cases, where the lightest Z 2 -odd fermions decay exclusively to electrons or muons, respectively, we can extrapolate the observed exclusion limit by ATLAS for left-handed slepton pair-production [41] assuming that the detection efficiency of the most sensitive SR remains constant up to higher mass scales. Taking into account the larger production cross-section for the fermions one can estimate the lower mass exclusion limit m Σ ± 1 > 630 GeV. In chargino pair-production, each chargino decays to a lepton and a slepton, which decays further to a secondary lepton and a neutralino. This process may lead to leptons of different flavor but the final state has two additional neutrinos and in general softer leptons, depending on the chosen intermediate slepton masses. Experimental signatures of dileptons plus MET are also obtained in chargino-neutralino production decaying further via sleptons, pp →χ
1 , when one of the final leptons is not detected. In this case both same flavor and opposite flavor leptons are expected [41] .
Among the several high energy physics tools have been developed which allow to reinterpret the results from the experimental collaborations at the LHC we have chosen the package CheckMATE [47] [48] [49] , which allows to obtain exclusion limits on simplified models of NP based on an increasing number of ATLAS and CMS analyses. This package applies to the events generated by the user the same selection cuts as in each of the included analyses by the experimental collaborations using the fast detector simulator DELPHES [91] . Subsequently, making use of the CL s prescription [92, 93] on the most sensitive SR, it establishes whether a given point under evaluation is ruled out or not based on the data given by the collaborations in their published analyses. The implementation of the model in HEP tools is described in more detail in Sec. 4.3. The most accurate exclusion results are expected for processes with the same production and decay topologies, as well as similar production cross-sections, as those in the supersymmetric searches reported in the included experimental analyses. Notice that the cuts in the experimental analyses have been optimized for the mass range where the exclusion limits are found.
If more than one NP scalar is lighter than the produced fermions, additional decay channels open up, Eqs. (22)- (24), for which there is no analogous supersymmetric process with similar decay topologies. The heavier scalars decay further, dominantly to a gauge boson and the DM candidate. This secondary decay leads to large hadronic activity and is not expected to improve the exclusion sensitivity in any of the processes included in CheckMATE. Most of the events with the additional topologies should not pass the selection cuts of the LHC analyses, which are optimized to reject additional hadronic activity. Therefore, the number of selected events should decrease as the branching ratios of the new decay channels increase. It is then natural to define a "best case scenario", where the Z 2 -odd fermions are the NLOP and all other NP particles are heavier, and a "worst case scenario", where all NP scalars are light and nearly degenerate. In the latter case the branching ratio of Σ + 1 to the heavier scalars approaches 75%. It should be noticed, however, that a minimal mass splitting with the DM candidate is necessary in order to avoid a very large contribution of the co-annihilation channel in the early Universe.
In the intermediate case, in which the decay A 0 and H ± are kinematically open but significantly heavier than H 0 , the decay to the DM candidate will be enhanced with respect to the other channels. Since the mass splitting of the two heavier scalars is strongly bounded by EWPO the above mentioned cases cover most of the allowed parameter space.
Within each of the benchmark scenarios discussed, the decay to leptons of the first two families has the highest sensitivity. The case when the Z 2 -odd fermions decay predominantly to taus, which have small branching ratios to leptons, is not expected to lead to a significant exclusion in our analysis with CheckMATE, for which no experimental analyses have yet been included in this package. This case will be considered separately, reinterpreting the stau search analysis reported in Ref. [45] .
In more realistic scenarios, f.i. in cases where the decay process involves several final state topologies, only the SR with the largest expected sensitivity is considered. It is possible, however, to combine those SRs and improve the exclusion limits using the CL s method [92, 93] .
Combination strategy
In each of the decay channels, defined by their experimental signature of hard e + e − , µ + µ − , and e ± µ ∓ plus MET, we use the package CheckMATE [47] [48] [49] to identify the most sensitive SR. Since the flavor of the leptons depends on the unknown Yukawa couplings a realistic analysis should allow for its whole range. In the range of masses we are considering this SR turns out to be SR-m T2,110 of Ref. [41] , except for m Σ ± ≈ 350 GeV, where SR-m T2,110 and SR-m T2,90 have similar sensitivities. We have chosen to use only the former SR. The eventual small loss in sensitivity can be regarded as conservative.
Assuming that the three dileptonic channels are uncorrelated, and thus statistically independent, we combine these channels using the CL s method [92, 93] , taking into account for the uncertainty on the background as in Ref. [94] . Details about our implementation of the CL s method are given in Appendix A. We neglect the uncertainty on the signal since it is much smaller and therefore its effect should be subleading. The uncertainty due to the statistics of the Monte Carlo simulations has been ignored, as it can be eventually reduced with larger samples [90] . The combination is expected to lead to stronger exclusion limits whenever more than one channel contributes to the final dileptons. It should be noticed that we cannot combine the decay channels with decays to taus.
Implementation of the model in Heptools
The model has been implemented in the Mathematica package FeynRules (v2.0) [95] where the derivation of the complete set of Feynman rules from the Lagrangian given in Eq. (1) are performed. The model files obtained from FeynRules are exported to micrOMEGAs (v4.1.8) [82] where DM observables are evaluated. The model is then exported in the Universal FeynRules Output (UFO) format to the parton-level Monte Carlo (MC) generator MadGraph (v5.2.2.3) [96] . The signal events are generated at √ s = 8 TeV, without cuts in the run cards, where a total of 30K of events per point in the parameter space is simulated. The MC samples incorporate the NNLO [97] parton distribution functions (PDF). MadGraph is interfaced with Phythia (v6.4) [98] , which simulates the parton showering and hadronization. In order to evaluate the production cross-section pp → Σ
, we compute the chargino pair-production in the pure gaugino limit with a modified version of prospino [99] , at next to the leading order (NLO) in α s , where we have set to zero the chargino-quark-squark couplings in order to eliminate the t-channel contribution. Finally the signal samples and their corresponding NLO cross-sections are passed to CheckMATE (v1.1.15) [47] [48] [49] , where the samples pass thought a fast detector simulator DELPHES (v3.0) [91] , which uses FastJet [100] with the anti-kT algorithm [49] for particle reconstruction.
Numerical results
We define two benchmark scenarios which satisfy all constraints discussed in Sec. 3, the "best case scenario" (S B ), with decoupled heavier scalars, and the "worst case scenario" (S W ), with nearly degenerate scalars,
The DM relic density lies within the measured range by Planck [3] , Ω DM h 2 = 0.1197 ± 0.0044. The mass of the lightest Z 2 -odd charged fermion varies between its LEP lower limit, Eq. (13), and 700 GeV. The two heavier Z 2 -odd fermion triplets, which are not phenomenologically relevant, are set to 1.5 TeV and 2.5 TeV, respectively. Since the Yukawa couplings of the Z 2 -odd fields are related to the underlying mechanism of neutrino mass generation, a realistic phenomenological analysis of the RSIII should also study the flavor structure of the model. We define the following extreme cases for the normalized Yukawa couplings to the lightest Z 2 -odd fermions: e-phobic (Ŷ 1 = 0), mu-phobic (Ŷ 2 = 0), e-mu-symmetric (Ŷ 1 =Ŷ 2 ≤ 1/ √ 2), and tau-philic (Ŷ 1 ≈ 1), which should be regarded as simplified models in flavor space.
Best case scenario
Within our benchmark scenario with decoupled heavier scalars, S B , we have generated random parameter-sets for which the neutrino constraints are satisfied, and where the lightest Z 2 -odd fermion mass, m Σ , which determines the production cross-section at the LHC, and the normalized Yukawa couplings of the triplet fermions,Ŷ α , with α = 1, 2, 3, which fully determine the tree-level branching ratios B , with = e, µ τ .
The implementation of our model in high energy physics tools has been described in Sec. 4.3. For each parameter-set we generated events for our process at 8 TeV center of mass energy, pp → Σ
We obtain with CheckMATE the exclusion CL in each of the three most sensitive SRs, SR-m T2,110 in the channels e + e − , µ + µ − , e ± µ ∓ plus MET, as well as the number of background, observed and signal events which pass all the cuts of that experimental search [41] . With the latter we compute the combined exclusion confidence level with the CL s method described in Sec. 4.2. For e-philic and mu-philic scenarios we have checked that both methods are consistent within the numerical uncertainties, which in the CL s method strongly depends on the numerical integration and on the background uncertainty.
We focus on regions of parameter space for which the exclusion CL lies above 90%. In . The contours in the 95% exclusion CL have been obtained fitting A eµ as a function of (B e + B µ ) with a quartic polynomial. The regions above the corresponding curves are excluded. Changing the order of the fitted polynomial we conclude that the uncertainty in these fits turns out to be larger for A eµ = ±1. As expected, for a given fermion mass the strongest exclusion is obtained for the mu-phobic case, with A eµ = 1, followed by the mu-philic case, with A eµ = −1. In the e, µ symmetric case, with A eµ = 0 and B e = B µ , the exclusion sensitivity is reduced since only half of the events without taus lead to OSSF leptons, which fall into the most sensitive SRs, while the other half of those events lead to OSDF leptons. Shown as a star is the flavor symmetric case, in which all three branching ratios are equal. As the branching ratios to taus increase, the exclusion sensitivity decreases, since most of these events are lost in the analysis, resulting in a smaller fermion mass exclusion. F.i., for B τ = 1 − B e − B µ ≈ 0.85, ATLAS [41] excludes m Σ ± 1 < ∼ 350 GeV, corresponding to the m Σ ± = 350 GeV contour on the lower part of Fig. 7b . It should be noted that these results alone do not constitute solid lower mass limits for the fermions (as a function of their Yukawa couplings) since the experimental analysis does not cover the region with compressed spectra. We target the parameter region with small Z 2 -odd fermion masses at the end of this section reinterpreting a search for electroweak supersymmetric searches in the regions of compressed spectra. For consistency we have checked the exclusion limits obtained with CheckMATE for small Z 2 -odd fermion-scalar mass splitting, where most decay leptons fail to have sufficient p T to pass the experimental cuts. Here we set m H 0 = 70 GeV as in S B . In the most sensitive e-philic case we can exclude m Σ 1 > 135 GeV, i.e. with a mass splitting larger than 65 GeV, while for B τ = 0.85, B e = 0.15 this mass limit increases to m Σ 1 > 155 GeV. Similar results are obtained for the e-phobic case.
The results obtained from Fig. 7 for A eµ = −1, A eµ = 0, and A eµ = 1 are shown in Fig. 8 , where B e − B µ is plotted as a function of m Σ ± 1
. One observes that in the e-mu-symmetric case, corresponding to A eµ = 0, the mass limit is reduced by up to 50 GeV for large masses, down , in the mu-phobic (red), e-phobic (blue) and e-mu-symmetric (green) scenarios. The flavor symmetric scenario with B e = B µ = B τ is shown with a star. The region above each curve is excluded.
to approximately 20 GeV for the smaller masses. In the mu-phobic case we obtain the highest exclusion sensitivity, excluding masses of Σ 1 of up to approximately 660 GeV.
Recently ATLAS has performed a dedicated analysis [45] to target compressed spectra, as well as decays with final tau leptons. The bounds on sleptons can be reinterpreted in our model in the e-philic, mu-philic and tau-philic limits taking the larger production cross-sections of the Z 2 -odd fermions into account, since both the stau decay,τ 1 → τ −χ0 1 and Σ − 1 → τ − H 0 , lead to the same experimental signature. In the DM region relevant for our study, with mχ0 1 between 50 and 70 GeV, the bounds on direct stau production are not yet strong enough to reach the exclusion level. However, rescaling the cross-section, one can safely exclude m Σ ± 1 between the LEP bound of 103.5 GeV and 300 GeV, as shown in Fig. 9 for m H 0 = 60 GeV and m H 0 = 80 GeV. For smaller m H 0 these limits are stronger, allowing to extrapolate our results to the whole scalar mass range. Assuming that the excluded cross-section for m Σ ± 1 = 300 GeV can be extrapolated to higher masses, implying that the sensitivity of this analysis remains constant, this limit can be extended to exclude fermion masses below approximately 400 GeV.
For sleptons of the first two generations the slepton exclusion sensitivity is significantly stronger, allowing to exclude significant regions of parameter space [45] . Therefore, we can safely extend the limits obtained for the tau-philic case to the most general flavor structure. We conclude that all light Z 2 -odd fermion masses not covered by our previous analysis with CheckMATE can be excluded, so that the exclusion limits obtained in Fig. 8 are solid lower mass exclusion limits for our simplified model scenario.
Worst case scenario
The "worst case scenario" (S W ), Eq. (27) , has been chosen such that the heavier scalars are lighter than the produced Z 2 -odd fermions, opening additional production and decay channels at the LHC. For a sufficiently large mass splitting between the fermion triplet and the scalars the branching ratios to the two neutral scalars approach 25%, and that of the charged scalar, 
i.e. very close to the asymptotic values. Adding to the previously considered decay chain (20) the new decay chains of the Z 2 -odd fermions, Eqs. (22, 23) , could in principle lead to new significant experimental signatures. In our analysis with CheckMATE, however, those channels also lead to additional hadronic activity in the final state. We observed that the experimental cuts are effective in excluding most of these events, resulting in only a small number of new signal events from those channels. The overall effect on the exclusion CL is small, increasing the excluded mass by less of 20 GeV, while the computational effort turns out to be very large. Therefore we have neglected the new decay channels, resulting in a slightly smaller exclusion sensitivity, and only consider the decay to the DM candidate as in the "best case scenario".
We focus here on the e-philic and mu-philic cases of scenario S W , where the exclusion CL can be obtained directly from CheckMATE. In Fig. 10 we show the exclusion CL obtained with CheckMATE varying m Σ ± 1 between 340 and 400 GeV. Only one scenario for each fermion mass has been computed here. We observe that, retaining only around 25% of the events, the masses of between 360 GeV for the mu-philic case, and 380 GeV for the e-philic case.
Summary and Conclusions
We have explored the Radiative Type III Seesaw model (RSIII), a scotogenic model in which an additional scalar doublet and at least two fermion triplets of SU (2) global symmetry, are added to the SM. This model has a natural DM candidate, the LOP, and radiatively generates the neutrino masses by an effective Weinberg operator. We have focused in the low mass scalar DM region, where the LOP is a viable DM candidate satisfying all present theoretical and experimental constraints. In this region of parameter space the Z 2 -odd fermion triplets can have masses above the LEP limit for wino-like charginos, potentially leading to new physics signatures at the LHC. In order to set solid exclusion limits on the model we identify two extreme scenarios, a "best case scenario" where only the DM candidate is lighter than the fermion triplet, and a "worst case scenario" where all scalars are light. In the former, the decay process has simple decay topologies, which have been already studied in simplified model spectra analyses of supersymmetric searches at the LHC. In the latter, new decay channels open up, leading to longer decay chains and more complex experimental signatures. These two benchmark scenarios can be regarded as limiting cases, with "intermediate scenarios", where the heavier scalar masses lie in-between those values, leading to exclusion limits which lie within the two extreme cases. For these scenarios we have analyzed the present theoretical and experimental constraints.
We reinterpret a set of experimental searches for supersymmetric particles at the LHC by ATLAS [41] [42] [43] 45] within the framework of the RSIII with help of the package CheckMATE [47] [48] [49] . In order to do this we implemented the model in high energy physics tools and generated the NP events which are then processed further by CheckMATE. The process with the most sensitive signature turns out to be pair-production of charged NP fermions, decaying each to the DM candidate and an electron or a muon. The resulting experimental signature, opposite sign dileptons plus MET, is also obtained in two supersymmetric processes: slepton pair-production decaying to the LSP and a lepton, or chargino-neutralino pair-production decaying subsequently via intermediate sleptons, where one of the charged leptons is lost in the detector. The fermion triplets decay via Yukawa couplings to a lepton and a scalar. Since these Yukawa couplings are intrinsically related to the neutrino mass matrix, a determination of the flavor structure of the final state would allow to directly study neutrino properties at colliders. It is therefore highly relevant to obtain exclusion limits as a function of the flavor structure of the final state. We have expressed those limits as a function of the branching ratio of the charged Z 2 -odd fermion to the DM candidate plus an electron or a muon. In the "best case scenario", with decoupled heavy scalars, the strongest limits on the Z 2 -odd fermion triplets are obtained in the e-philic case, for which we exclude masses below roughly 660 GeV. This limit is reduced to 640 GeV and 570 GeV, in, respectively, the mu-philic and e-mu symmetric cases. One should notice that our results are subject to uncertainties of the Monte Carlo simulations of the analysis which may be reduced with higher statistics. For light NP fermions, below roughly 150 GeV, the dilepton searches included in CheckMATE fail to exclude our model. In order to obtain solid lower limits on the Z 2 -odd fermion masses we recast an analysis by ATLAS [45] for searches in the compressed mass spectra region. The experimental results included in CheckMATE are not sensitive to final state taus, which mostly generate hadron activity excluded in their cut-based analyses. We recast the results of [45] for tau searches, taking into account the larger crosssections for fermion pair-production, to obtain a lower mass limit of around 400 GeV for fermion triplets in the tau-philic case.
In the "worst case scenario" we have obtained limits both including only the primary decays to the DM candidate, and including all channels. The results in both cases are consistent with each other, with a slight gain in exclusion sensitivity in latter case, albeit at the price of a huge increase in computational effort. We have therefore restricted our analysis to the former case. The branching ratios are reduced by a factor of almost four, reducing the sensitivity to the level of slepton searches. In the e-philic and mu-philic cases we can exclude fermion triplet masses below roughly 380 and 360 GeV, respectively. As in the "best case scenario", the lower mass region is excluding by a recast of the compressed spectra analysis [45] . For the tau-philic case no limits can yet be set.
The LHC exclusion limits obtained in flavor space on our scotogenic model, the RSIII, should be easily extended to all NP models with NLOP fermions in the adjoint representation of SU (2) L decaying to a scalar DM candidate and a lepton.
The likelihood ratio test-statistics function is given by
with s tot = Nn k s k . The observed likelihood ratio test statistics Q obs is defined analogously setting n i = n obs i , the observed number of events reported in the experimental analyses. The test statistics function Q should also be averaged by the Gaussian distribution. To simplify the numerical evaluation we average log Q as in Eq. (29) Q ≡ exp( log Q ) .
The confidence level for exclusion CL = 1 − CL s is given by
